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WHOLE-KNEE EFFECT OF HEMI-COMPARTMENTAL JOINT
INCONGRUITY IN A RABBIT MODEL
T. Vaseenon, Y. Tochigi, D.C. Fredericks, J.A. Martin, T.D. Brown,
T.O. McKinley
Univ. of Iowa, Iowa City, IA
Purpose: Osteoarticular injuries including intraarticular fractures
can cause persistent joint incongruity that eventually leads to
whole-joint cartilage degeneration (i.e., post-traumatic OA). The
pathomechanisms of chronic joint degeneration associated with
joint incongruity were studied using a rabbit knee model of hemi-
compartment joint incongruity. It was hypothesized that hemi-
compartmental joint incongruity in the rabbit knee could cause
whole compartmental joint degeneration.
Methods: With institutional approval, ﬁfty-eight New Zealand
White rabbits were subjected to an osteochondral defect of the
left knee. By approaching posteriorly through a popliteal incision,
an osteochondral defect (2.0 mm diameter) was created on the
primary weight bearing area of either the lateral (n = 18) or medial
femoral condyle (n = 20). Twenty rabbits received a sham surgery
(arthrotomy control). In each group, half of the animals were tested
for 8 weeks and half for 16 weeks. Histo-morphological changes of
articular cartilage in the femorotibial joint were studied by means
of optical microscopic evaluation on Safranin-O-stained sections.
Femoral and tibial surfaces in both medial and lateral compart-
ments were rated individually on the Histological Histochemical
Grading Scale (HHGS, 14 points max). For femoral surfaces on
which a defect was created, degeneration in the surrounding
non-defect area was evaluated.
Results: In the medial defect knees, signiﬁcant elevation of HHGS
(as compared with control knees, p<0.05) occurred in the medial
compartment, for both femoral and tibial surfaces at both 8 and 16
weeks rabbits (Figures 1 and 2). While degeneration in the medial
femoral surface was typically mild (3≤ HHGS <6), moderate (6≤
HHGS <9) to severe (HHGS ≥9) changes were often observed
in the medial tibial surface (Table 1). The number of joints with
severe degeneration in this surface increased with time, from 1
out of 10 at 8 weeks to 4 out of 10 at 16 weeks. In the lateral
compartment, the medial defect knees had only mild changes. In
the lateral defect knees, no signiﬁcant increase in HHGS scores
was detected for any articular surfaces at both 8 and 16 weeks.
Figure 1. Cartilage degeneration on each articular surface at 8 weeks
Figure 2. Cartilage degeneration on each articular surface at 16 weeks
Table 1. Number of animals classiﬁed as mild (3≤HHGS<6), moderate
(6≤HHGS<9) and severe (HHGS ≥9) points on each articular surface
However, at 16 weeks, 6 out of 10 animals had mild degeneration
in the medial tibial surface.
Conclusions: A focal osteochondral defect on the medial femoral
surface in the primary weight bearing area caused cartilage de-
generation in the medial compartment on both tibial and femoral
surfaces. There was a trend that the medial tibial degeneration
developed with time, suggesting chronic aberrations in the contact
mechanics in the medial compartment. Although mild, more than
half of the lateral defect knees had cartilage degeneration also in
the medial compartment, implying potential interaction in articu-
lar contact mechanics between medial and lateral compartments.
Given the mild disease development in the medial defect animals
from 8 weeks to 16 weeks, the medial defect model is potentially
useful for piloting new treatments for chronic OA.
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DONOR SEX AND AGE INFLUENCE THE CHONDROGENIC
POTENTIAL OF HUMAN FEMORAL BONE MARROW CELLS
K.A. Payne, D.M. Didiano, C.R. Chu
Univ. of Pittsburgh, Pittsburgh, PA
Purpose: Due to the limited intrinsic healing capacity of articular
cartilage, traumatic and degenerative injuries to articular cartilage
eventually progress to osteoarthritis (OA), a leading cause of
disability. Developing methods to improve articular cartilage repair
may be critical to delay, or even prevent the onset of debilitating
OA. Microfracture is widely used to stimulate cartilage repair
and involves penetrating the subchondral bone to access repair
cells from the bone marrow. Since OA and injuries to articular
cartilage affect men and women of all ages, it is important to
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determine whether the cartilage repair potential of human bone
marrow cells (BMC) differs based on the sex and/or age of the
donor. The purpose of this study is to test the hypothesis that the
chondrogenic potential in human BMC varies based on the sex
and/or age of the donor.
Methods: BMC were isolated from fresh intramedullary reamings
obtained from 16 males (16-82 years of age) and 16 females
(22-77 years of age) during orthopaedic procedures, according to
an IRB- approved protocol for discarded tissue. BMC were plated
at 100 cells/cm2 and population doublings were measured up
to passage 8. Chondrogenesis was evaluated by standard pellet
culture assay using chondrogenic medium (CM) in the presence
or absence of transforming growth factor beta 1 (TGFβ1). After
21 days, pellets were analyzed for area measurement and for
chondrogenic differentiation by Safranin O/Fast Green staining,
followed by histological grading using the Bern score. Quantiﬁ-
cation of glycosaminoglycan (GAG) content in pellets was also
performed.
Results: Cumulative population doublings did not differ signiﬁ-
cantly between males and females, or with age. An increase in
pellet size with addition of TGFβ1 to the CM was evident in all fe-
male populations, but less evident in older males. Quantiﬁcation of
the change in pellet area with addition of TGFβ1 indicated a signif-
icant decrease with increasing donor age in male BMC (p=0.021),
but not in female BMC (p=0.690). Safranin O/Fast Green staining
of representative pellets of male and female BMC is shown in Fig.
1a (numbers at the bottom right of the images represent donor
age). The Bern score indicated that the chondrogenic ability of
male BMC decreased with increasing donor age (p=0.006), while
that of female BMC did not (p=0.772) (Fig. 1b). The decreased
chondrogenic capacity with increasing donor age in males was
further conﬁrmed by a reduction in GAG content in pellets contain-
ing BMC from an older male (>70 years old), compared to those
containing BMC from a younger male (<30 years old).
Figure 1
Conclusions: This study showed that donor sex and age inﬂu-
ence the chondrogenesis of human femoral BMC. In humans, an
age-related decline in chondroid differentiation with TGFβ1 stimu-
lation was observed in male BMC, but not in female BMC which
showed more variability. This variability between populations, even
within the same age group, may explain the different clinical
outcomes following microfracture. Further investigation into the
potential mechanisms responsible for the differences seen in BMC
chondrogenesis is therefore warranted. Understanding the mech-
anisms for these observed differences will contribute to improved
clinical use of autologous human BMC for articular cartilage repair,
and may lead to the development of customized age or sex based
treatments to delay or prevent the onset of OA.
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NATURAL HISTORY OF AREAL BONE MARROW LESIONS
D. Dore, C. Ding, G. Jones
Menzies Res. Inst., Hobart, Australia
Purpose: Bone marrow lesions (BML) have been shown to be
signiﬁcant predictors of pain and cartilage loss. The natural history
of BMLs and factors which predict worsening of BMLs are unclear.
Studies in the past have graded BMLs on an ordinal scale, based
on the extent of regional involvement. A truly quantitative measure
of BML size may give more insight into actual changes in BMLs
over time. Therefore, the aim of this study is to describe the natural
history of BMLs using a quantitative measure and identify those
factors which predict changes in BMLs.
Methods: A total of 395 adult males and females (mean age 63.2
years, range 52-79) were measured at baseline and approximately
2.7 years later. Tibial and femoral BMLs were determined using
T2-weighted fat saturation MRI. BMLs were scored by measur-
ing the maximum area of the lesion at baseline and follow-up.
Reproducibility for this method of measurement was good, with
an intra-class correlation coefﬁcient (ICC) of 0.97. Tibial and
femoral cartilage defects were determined using T1-weighted fat
saturation MRI. Tibial subchondral bone mineral density (BMD)
was assessed by dual energy x-ray absorptiometry (DXA). Logis-
tic regression analysis was used to examine factors associated
with increases in BML size (increase versus decrease/stable) and
decreases in BML size (decrease versus increase/stable). A sig-
niﬁcant increase was deﬁned as any change above or below the
least signiﬁcant criterion (LSC), which takes into account measure-
ment error and the correlation between the MRI measurements at
baseline and follow-up.
Results: At baseline, 18% (n=72) had medial tibial BMLs. Of
these 21% decreased in size and 15% increased. In the remaining
sample (n=323), 3% developed a new BML. Similar ﬁgures were
observed in the medial femoral and lateral tibial and femoral
compartments.
Baseline BMLs [odds ratio (OR) 1.4/SD], cartilage defects (OR
2.5 per grade), subchondral BMD (OR 1.6/SD), and change in
cartilage defects (OR 9.4 per grade) predicted increases in me-
dial tibial BMLs after adjustment for potential confounders (all P
<0.05). Age, sex, weight, BMI, and change in weight or BMI were
not signiﬁcant predictors of medial tibial BML change. Consistent
results were seen in the medial femoral and lateral tibial and
femoral compartments.
Conclusions: While incidence rates are low, BMLs (assessed with
a new technique by measuring maximal area) are not static in this
randomly selected older population, with similar proportions both
worsening and improving. Developing new BMLs or worsening
of existing BMLs can be predicted by other structural (but not
demographic) factors, especially cartilage defects and subchondral
BMD suggesting causal relationships.
